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DECLARATION OF INDEPENDENCE 

Delta-H Water System Modelling Pty Ltd (Delta H) and its associates have no direct or indirect business, financial, personal 

or other interests in the activity application or appeal other than fair remuneration for work performed in connection 

with that activity, application or appeal and there are no circumstances that may compromise the objectivity of the 

persons performing such work. The remuneration of the services provided by Delta-H is in no way contingent upon the 

conclusions or opinions expressed in this report. 

 

DISCLAIMER 

Delta-H Water System Modelling Pty Ltd (Delta H) has executed this study along professional and thorough guideline, 

within their scope of work. The groundwater specialist report has been compiled by experienced, fully qualified and duly 

registered Professional Natural Scientists.  

 

The model development is in large parts based on aquifer data provided by others. Delta H does not accept any liability 

for the accuracy or representivity of the data provided by others. 

 

No representation or warranty with respect to the information, forecasts, opinions contained in neither this report nor 

the documents and information provided to Delta H is given or implied. Delta H does not accept any liability whatsoever 

for any loss or damage, however arising, which may directly or indirectly result from its use. 

 

This report is intended for the confidential usage of the client. It may be used for any lawful purpose but cannot be 

reproduced, excerpted or quoted except with prior written approval of Delta H. 
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1. INTRODUCTION 

1.1. BACKGROUND 

Delta H (Delta-H Water System Modelling PTY Ltd) has been appointed by Clean Stream Environmental Consultants (CSEC) 

for a review and update of a groundwater study conducted in 2010 for the Stuart South Colliery project near Delmas. 

While Stuart Coal has recently received the final approvals for the South Colliery, the update of the groundwater study 

became necessary as the planning has changed, and Stuart Coal intends to construct a plant, workshop, explosives 

magazine and other related support infrastructure at the Stuart South Colliery. Other changes to the mining operation 

are also planned and require an update of the relevant specialist studies in line with current requirements. The existing 

mining operations of Stuart Coal, namely the Weltevreden Colliery and Stuart East Colliery, are situated to the north-

west of the Stuart South Colliery.  

 

The outcomes of the Stuart South Colliery study, including the development of the conceptual hydrogeological and 

numerical model, and outcomes of the model predictions will be reported in a format as requested for Geohydrology 

Reports according to the Government Notice R. 267 (Government Gazette No. 40713, 27/03/2017) pertaining to the 

National Water Act, 1998 (Act No. 36 of 1998).  

 

1.2. PROJECT DESCRIPTION 

The approved project involves opencast coal mining on a number of portions falling within the farms Moabsvelden 248 

IR, Vanggatfontein 250 IR, and Vogelfontein 222 IR. Coal seams number 2, number 4, and number 5 will be mined utilising 

conventional opencast strip-mining method. The mining method involves the stripping of the weathered overburden and 

the drilling and blasting of the hard overburden. This overburden will be rolled over to the adjacent void left by the 

extracted material. The extracted coal will be transported to the crushing and screening plant at Weltevreden Colliery, 

where it will be stockpiled. 

 

The construction phase is underway with the first of the approved surface infrastructure to facilitate the necessary mining 

operations, namely: 

• Access and haul roads to the opencast voids, 

• Storm water control measures, 

• Water pollution control measures (pollution control dam/s), 

• Attenuation dam to accommodate the river diversions associated with the Leeuwpan Colliery and Alpha Open 

Pit of the Stuart South Colliery, 

• Stockpiles (topsoil, subsoil, and waste rock stockpile) and in-pit stockpiles. 

 

Any additional infrastructure required by the mining activities will be included into the current approval process. These 

infrastructure requirements include: 

• Site offices, 

• Workshops, 

• Weighbridge, 

• Beneficiation plant, 

• ROM stockpiles, and 

• Wash/change houses. 
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1.3. DATA SOURCES AND DEFICIENCIES 

The development of the conceptual site and numerical groundwater flow and transport model was based on the following 

information and data made available to the project team: 

• Hydrogeological specialist reports for the site: 

o Clean Stream Groundwater Services (2010). Stuart South Colliery: Report on Geohydrological 

Investigation as part of the EMPR for the proposed mining operation, Mpumalanga Province, March 

2010.  

o Clean Stream Scientific Services (Pty) Ltd. Stuart South Colliery Hydrocensus (February 2010) report 

number SC/SB/HC/2010/PN. 

o De Castro & Brits Ecological Consultants (2009). Flora and Fauna survey of the Stuart South Colliery, 

Delmas (Mpumalanga).  

o Wetland Consulting Services (2009). Phase 1: Wetland Delineation and Functional Assessment for the 

proposed Stuart South Colliery Mine near Delmas, Mpumalanga. Reference 477/2009. 

o Terrasoil Sciences (2010). EIA / EMP Phase Soil, land use and land capability survey. Stuart South Colliery  

Mining Project.  

• data from the national Groundwater Resource Assessment Phase II, maintained by the Department of Water 

Affairs and Sanitation, and  

• published regional geological and hydrogeological maps. 

 

An updated hydrocensus was managed by CSEC and the results have been incorporated in this report. Additional 

hydraulic test work was conducted on existing boreholes within the mining area to establish aquifer characteristics.   

 

1.4. SCOPE OF WORK 

The scope of work entails the update of the conceptual model and the development of a numerical groundwater flow 

and transport model for the proposed opencast mining operation and reporting according to Government Notice R.267. 

 

The detailed scope of work comprises of the development of  

• Updated conceptual model for site 

o Hydrogeological base maps and figures showing major structures, water table and any other relevant 

information 

o Identified areas of concern (Source-pathway-receptor) 

• Development of the Numerical Groundwater Flow and Transport Model 

o Calibrated flow model describing the current “base case” 

• Predictive Model Scenarios and Impact Assessment 

o Estimate the expected groundwater flow rates in the vicinity of the mine 

o Estimate the expected rebound of groundwater levels post closure and potential decant locations 

o Evaluate the potential impacts of mining operations (i.e. spoil stockpile and backfilled areas) on the 

ambient groundwater quality using a conservative advective-dispersive transport model. 

o Visualisation and assessment of project impacts on the ambient groundwater environment 

• Recommended groundwater monitoring and management programmes 

• Groundwater Modelling report including risk assessment in a format according to Government Notice R. 267 

Reporting. 
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2. METHODOLOGY 

2.1. DESK STUDY 

The desktop study relied on readily available data in the form of  

• hydrogeological specialist reports (see chapter 1.3), 

• site layout as provided by the client, 

• data from the national Groundwater Archive and Groundwater Resource Assessment Phase II, maintained by 

the Department of Water Affairs and Sanitation, 

• Stuart South Colliery groundwater monitoring data 

• published regional geological and hydrogeological maps. 

 

The desktop study focussed on the establishment of a sound conceptual hydrogeological model as detailed in chapter 

4.2. 

2.2. HYDROCENSUS 

• 214 boreholes with water levels within the wider area of interest (i.e. model domain) from the National 

Groundwater Archive (NGA), 

• Clean Stream Scientific Services (Pty) Ltd. Stuart South Colliery Hydrocensus (February 2010) report number 

SC/SB/HC/2010/PN, and 

• Clean Stream Environmental consultants updated hydrocensus (August 2018) for the proposed Stuart South 

Colliry 

Details pertaining to the updated hydrocensus are provided in section 4.2.3. 

2.3. GEOPHYSICAL SURVEY AND RESULTS 

No geophysical surveys were done as part of this study. 

2.4. DRILLING AND SITING OF BOREHOLES 

No new boreholes were drilled as part of this study. 

2.5. AQUIFER TESTING 

Selected slug and pumping test were conducted on existing Stuart Coal Monitoring boreholes within the Stuart South 

Colliery area to establish hydraulic conductivity values of the aquifer (refer to section 4.2.4).  

2.6. SAMPLING AND CHEMICAL ANALYSIS 

No new groundwater quality samples were collected as part of this study. The assessment of the ambient groundwater 

quality is based on data from the previous groundwater study conducted in 2010, recent hydrocensus data and 

monitoring data retrieved from the existing Stuart coal operations (refer to section 4.4). 

2.7. GROUNDWATER RECHARGE CALCULATIONS 

The main source of recharge into the shallow primary aquifers is direct rainfall recharge that infiltrates the aquifer 

through the overlying unsaturated zone. Recharge of the deep Karoo aquifer is limited to vertical seepage from the 

shallow Karoo aquifer through permeable fracture systems that cut through the less permeable dolerite sill or Karoo 

mud-, silt- and sandstones and link the two aquifers hydraulically. Due to the heterogeneous nature of fracture systems, 

the hydraulic interaction is highly variable. Shallow mining enhances this hydraulic interaction and attracts more vertical 

seepage into the mine voids (if dewatered). A summary of the recharge estimates is proved in section 6.4.1. 
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2.8. GROUNDWATER MODELLING 

A three-dimensional numerical (finite-element) groundwater flow and transport model was developed for the 

groundwater impact assessment. A numerical model is a mathematical approximation of the real word aquifer system, 

and there are always errors associated with groundwater models due to uncertainty in the data, potential alternative 

conceptual models in describing the real-world system or the capability of numerical methods to describe natural physical 

processes. However, numerical groundwater models are considered the best tools available to quantify / estimate 

groundwater and contaminant transport, and the results can be used in management decisions. The chosen software 

code, model set-up, assumptions and results are described in detail in chapter 6. 

 

2.9. GROUNDWATER AVAILABILITY ASSESSMENT 

Groundwater abstractions will be undertaken for domestic water supply at the mine – and to supplement plant water 

should it be needed. The scheduled water use does not trigger any groundwater availability assessments. 
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3. GENERAL SETTING 

3.1. LOCATION AND DRAINAGE 

Stuart Coal South Colliery is located approximately 15 km east of Delmas on the central edge of the Central Witbank Coal 

fields within the Mpumalanga Province. Existing mining operations forming part of Stuart Coal include the Weltevreden 

Colliery and the Stuart East Colliery, situated north east of the Stuart Coal South Colliery. The area is characterised by an 

undulating topography and typical Highveld climate, with rainfall predominantly in the warm summer month and cold 

dry winters. The project area falls on the boundary between the quaternary catchments B20A and B20E of the 

Bronkhorstspruit and Wilge Rivers respectively within Olifants Water Management Area. A summary of readily available 

hydrological data for these catchments is provided in Table 3-1. 

 

Table 3-1: Summary of information for the quaternary catchments in the Stuart Coal South Colliery (GRAII; DWAF 
1996). 

Quaternary  
catchment 

Area (km2) 
Mean Annual 

Precipitation (mm/a) 
Mean Annual  

Runoff (mm/a) 
Mean Annual 

Baseflow (mm/a) 

Mean Annual  
Recharge 

mm/a % of MAP 

B20A 574 661 38 9.9 28 - 77 4.2 – 11.7 

B20E 620 657 34 10 31 - 57 4.7 – 8.6 

 

 
Figure 3-1: Locality and drainage of the Stuart Coal South Colliery. 
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4. PREVAILING GROUNDWATER CONDITIONS 

4.1. GEOLOGY 

The project area is predominantly underlain by litho-stratigraphic units from the Karoo Supergroups (Figure 4-1), overlain 

along major river courses by quaternary, alluvial deposits. Rocks from the Transvaal Supergroup are located towards the 

north and west of the project area.   

 

Karoo Supergroup 

The Karoo Supergroup formed during the Late Carboniferous to Middle Jurassic eras from plant assemblages, thick glacial 

deposits and extensive flood basalts with their associated dolerite sills and dykes. Extensive coal deposits establish the 

economic importance of the Karoo Supergroup. The project area is falls within the Main Karoo Basin which is underlain 

by the stable Kaapvaal Craton floor. The Main Karoo Basin consists of several sub-groups, i.e. the Dwyka, Ecca, Beaufort, 

Drakensburg and Lebombo Groups. These sub-groups are further divided into formations. One such formation, the 

Vryheid Formation, forms part of the Ecca Group, and characterises the geology and geomorphology of the project area. 

There are no exposures of Pre-Karoo rocks in the project area as outcrops are limited to Karoo dolerite and the Ecca 

Group. The Vryheid Formation is mainly from deltaic origin, consisting of upwards coarsening sedimentary material such 

as dark-grey, muddy siltstone, sandstone, dark siltstone and mudstone units, with interbedded coal units of variable 

thicknesses at depths.  

 

The Malmani Subgroup (Chunniespoort Group) is located to the west of the Stuart South Colliery changing from 

siliciclastic sedimentation to plant form carbonates consisting of carbonaceous shales, stromatolitic dolomites and locally 

developed qaurtzites. The overlying Dwyka sediments (especially the impermeable tillite if unfractured) act as a barrier 

to vertical groundwater flow between the Karoo sandstones and the dolomites of the Malmani Subgroup. 

 

The dolerite intrusions present within the project area are younger than the lithologies of the Ecca Group and intruded 

into and through these sedimentary lithological units. The dolerite intrusions typically occur as sills or dykes and are often 

responsible for the devolatization of the coal adjacent to these intrusions. Typically, dolerite sills crop out on surface, 

occur very close to the surface or have been entirely removed through erosion in places. These sills are usually fine 

crystalline, although it can occur in varying degrees of texture starting from fine crystalline and grading to a medium 

crystalline texture. The coalfield is structurally relatively un-deformed with no prominent folding identified. Small scale 

faulting is however not uncommon. The major large-scale displacements are almost always associated with transgressive 

dolerite sills.  

 

Based on the investigation by CSGS (2010), the properties of Vanggatfontein and Moabsvelden host the complete 

sequence of the Witbank Coalfield coal seams. These are from the bottom upwards: No.1, 2, 3, 4, and 5 Seams. The No.3 

Seam is not developed in certain parts and therefore not present in the boreholes drilled in those parts. The Stratigraphy 

of the Central Witbank Coalfields in the project area may be defined by three main sequences, a basal No.2 Seam, overlain 

by the No.4 Seam and the No.5 Seam at the top. The lowermost No.1 Seam is not well developed in the project area. 
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Figure 4-1: Regional geological setting. 

4.2. HYDROGEOLOGY 

4.2.1. Unsaturated zone 

The thickness of the unsaturated zone ranges from 1.2 mbgl to 30 mbgl, with an average of 9.8 mbgl. The groundwater 

model considers flow and transport processes within the unsaturated zone, with a capillary pressure-saturation 

relationship (after van Genuchten) typically of a loamy sand assigned to the weathered aquifer and of a coarse sand 

assigned to the fractured Karoo rocks and dolerites. 

4.2.2. Saturated zone 

Based on the conceptual hydrogeological understanding of the site, the following hydro-stratigraphic zones are 

differentiated within the wider model area: 

 

• Shallow alluvial and weathered Karoo zone 

• Fractured Karoo aquifer  

• Dolerite intrusions 
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Weathered Karoo aquifer 

The weathered zone of the Karoo sediments hosts the unconfined or semi-confined shallow weathered Karoo aquifer or 

hydro-stratigraphic zone. The weathered zone is typically around 15m thick and water levels within these aquifers are 

often shallow (few meters below ground level). Due to direct rainfall recharge and dynamic groundwater flow through 

the unconfined aquifer in weathered sediments, the water quality is generally good, but in the absence of an overlying 

confining layer also vulnerable to pollution. Localised perched aquifers may occur on clay layers, but are due to their 

localised nature of no further interest in the context of the current study. Water intersections in the weathered aquifer 

are mostly above or at the interface to fresh bedrock (mud-, silt or sandstones, sill), where less permeable layers of 

weathering products and capillary forces limit the vertical percolation of water and promote lateral water movement. 

Groundwater daylights as springs where the flow path is obstructed by less permeable dolerite sills (contact springs) or 

where the surface topography cuts into the groundwater level at e.g. drainage lines (free draining springs).  

 

Fractured Karoo aquifer 

The fractured Karoo aquifer consists of the various lithologies of siltstone, shale, sandstone and the coal seams. 

Groundwater flow is governed by secondary porosities like faults, fractures, joints, bedding planes or other geological 

contacts (including coal seams), while the rock matrix itself is considered rather impermeable. Geological structures are 

generally better developed in competent rocks like sandstone, which subsequently show better water yields than the 

less competent silt- or mudstones and shales. Not all secondary structures are water bearing due to e.g. compressional 

forces by the neo-tectonic stress field or overburden weight closing the apertures. The fractured Karoo aquifer is 

considered a semi-confined aquifer, depending on the prevailing sedimentary succession. Fractured Karoo aquifers have 

typically a low hydraulic conductivity (<0.001 m/d), but are known to be highly heterogeneous with yields ranging from 

0.5 to 2 L/s. Higher yields are typically associated with higher hydraulic conductivities along shallow coal seams and at 

contact zones with intrusive rocks. Depending on the residence time of the water in the aquifer, groundwater quality can 

be poor. An initial hydraulic conductivity of 0.02 m/d (or 2E-07 m/s) was assigned to the fractured Karoo sediments in 

the model. 

 

Dolerite intrusions 

The Karoo rocks in the project area were intruded by dolerite sills or dykes, with their contact zones with the host rock 

providing preferential flow paths, while the dolerite itself is rather impermeable or semi-permeable (hydraulic 

conductivity of 1E-8 m/s). This setting promotes groundwater ponding and flow along, but not across the sills and dykes. 

4.2.3. Hydrocensus 

The aim in a groundwater census is to describe the water occurrences in qualitative and quantitative terms. A 

hydrocensus forms part of a quantitative approach to determine baseline water conditions and was conducted in the 

vicinity of the Stuart Coal South Colliery project area during August 2018 by CSEC. The hydrocensus identified borehole 

locations, status, depth, distribution, uses and owners, and included the measurement of groundwater levels as well as 

the collection of groundwater samples. The groundwater samples were analysed for major and trace elements to provide 

an evaluation of the ambient groundwater quality. A total of 26 boreholes were identified and visited by Clean Stream 

Groundwater Services, as illustrated in Table 4-1. Furthermore, 22 groundwater samples were collected at selected 

boreholes identified during the hydrocensus. The data collected during the hydrocensus (e.g. measured groundwater 

levels, borehole data, etc.) is summarised and tabulated and illustrated in the following sections. The spatial distribution 

of the hydrocensus and Stuart Coal monitoring boreholes are shown in Figure 4-2. 
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Table 4-1: Summary of the hydrocensus conducted at Stuart Coal South Colliery. 

Sample 
no 

Name Latitude Longitude Use 
WL 

Depth 
[m] 

Casing 
height 
[mm] 

Status pH EC TDS Comment 

3 CSEC3 -26.16011 28.83627 Domestic & agricultural `  Equipped 7.2 230 110 
No access, sealed. 60 000l/hr 

capacity 

1 CSEC1 -26.13619 28.88597 Domestic 51.71 250 Equipped 7.4 70 30  

No  -26.08447 28.84897 Domestic   Equipped 7.5 240 110 No access, sealed 

No  -26.07783 28.83297 Domestic & livestock 4.5 0 Equipped 7 190 90 80 000 L/d 

5 CSEC5 -26.17269 28.786083 Domestic   Equipped 8.2 190 90  

4 CSEC4 -26.10755 28.8442 
Domestic, livestock & 

agricultural 
  Equipped 6.5 350 170 

Sealed. Borehole ± 60m deep. 
Sometimes dry 

7 CSEC7 -26.10736 28.842694    Equipped 7.8 310 140 
Sealed. Borehole ± 100m deep. 

Always water 

6 CSEC6 -26.17725 28.832444 Domestic & agricultural   Equipped 8.2 400 190 Sealed. Borehole about 200m deep 

9 CSEC9 -26.18088 28.837083 Agricultural 6.2 0 Equipped 7.2 490 240  

10 CSEC10 -26.17611 28.803333 Domestic 6.1 300 Equipped 7.2 310 150  

  -26.0225 28.800861 Domestic & livestock 10.5  Equipped 7.9 450 220  

21 CSEC21 -26.186972 28.7918611  50.5 0 Equipped 7.8 520 250 5000 L/d 

- - -26.183278 28.7665556  3.1  Unequipped     

22 CSEC22 -26.156833 28.8943889 Domestic 4.6 0 Equipped 6.7 70 30  

24 CSEC24 -26.156889 28.8940278 Livestock 15.1 0 Equipped 7.2 180 80  

12 CSEC12 -26.179278 28.8597222 
Domestic, livestock, 

agricultural 
13.88 300 Equipped 7 560 270  

25 CSEC25 -26.208028 28.8434722 
Domestic, livestock & 

irrigation 
4.33 500 Equipped 7.5 490 240  

14 CSEC14 -26.206917 28.8453056  7.17 300 Equipped 7.7 400 190  

  -26.205 28.8598056  8.3 200 Unequipped     

11 SCES11 -26.159361 28.8992222 Domestic & livestock 6.3 400 Equipped 6.3 420 200 Use appx. 1000 L/d 

8 SCES8 -26.159389 28.89775  8.9 200 Equipped 6.3 180 80  

18 SCES18 -26.065083 28.8113611 Domestic 5.12 0 Equipped 6.9 80 30  

16 SCES16 -26.083833 28.8165 Domestic 18.4 250 Equipped 7.2 100 40  

15 SCES15 -26.160083 28.8355278 Domestic & agricultural   Equipped 7.9 240 110 
Sealed. Borehole 105m deep. 80 

000L/hr capacity 

23 SCES23 -26.164167 28.83575    Equipped 8 240 110 
Sealed. Borehole 87m deep. 60 

000L/hr capacity 

17 SCES17 -26.1593 28.83469  15.4 250 Equipped 6.9 190 90  
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Figure 4-2: Spatial distribution of hydrocensus and monitoring boreholes within the Stuart Coal South project area.  
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Groundwater is typically used for domestic and irrigation purposes. Groundwater users (and households) typically 

abstract groundwater to store in tanks for water supply. The groundwater volumes are not pumped continuously for 24 

hours, but only on a need be basis.  

 

Only a few groundwater levels could be obtained during the hydrocensus due to the boreholes being sealed off with no 

access point for water level measurements. The water levels measured during the hydrocensus in the area ranged 

between 3.1 metre below surface (m BGL) to 51.7 m BGL.  

4.2.4. Hydraulic conductivity 

The monitoring boreholes located at Stuart Coal South Colliery were identified as potential borehole pump test targets. 

However, some boreholes could not be tested due to boreholes being blocked or not found (SB05). Five boreholes were 

pump tested. The pumping tests included short step drawdown and constant discharge test varying from 10 to 120 

minutes, followed by a recovery monitoring period. The aquifer parameter estimates are therefore based on drawdown 

and recovery data of the short-term test intervals, mostly due to the low inflow rates. The detailed schedule of the 

pumping tests is provided in Table 4-2.  

 

Table 4-2: Pumping test summary. 

Name Latitude Longitude 
Water Level 

[m] 
Depth 

[m] 
Pump 

Intake [m] 
Discharge 
Rate [l/s] 

Comment 

SB01 -26.14358 28.80923  5.7   Blocked at 5.7m. 

SB03 -26.16175 28.82815 3.2 29.1 9 0.2 1x 10min step and recovery. 

SB04 -26.15268 28.83167 1.2 29.8 26.25 0.2 & 0.4 2x 30min steps and recovery. 

SB05 -26.14565 28.83424     Not found. 

SB06 -26.17358 28.82594 5.3 27.5 18 0.25 
1x 20min step and recovery. Pump 

got stuck at 18m. 

SB07 -26.16588 28.79078 13.33 30.65  0.2, 0.4 & 
0.74 

2x 15min steps and 1x 7minuets step 
and recovery. 

SB08 -26.15461 28.79802 11.7 14.96   No steps as the borehole is blocked 
at 14.96m. 

SB09 -26.14273 28.8013 12.43 30.56   No steps as the pump installation got 
stuck at 6m. 

SB10 -26.15903 28.84328 4.81 31.44 25.6 0.24 & 0.39 2x 15min steps and recovery. 

 

The following process was followed for estimating aquifer parameters based on the pumping test data. 

1) Develop a conceptual understanding of the geological setting of the test. 

2) Create the diagnostic plots from pumping test data and define the flow regime.  

3) Choose the appropriate analytical solution (e.g. Theis, 1935; Cooper and Jacob, 1946; Hantush and Jacob 1955; 

Neuman, 1974; Moench, 1997) and determine the aquifer and well parameters from the curve fitting of the 

drawdown (and derivative) and/or the recovery data.  

4) The recovery of a pumped aquifer can be interpreted in the same way as the drawdown by using diagnostic 

plots. Through a simple transformation of the time variable, Agarwal (1980) devised a procedure that uses 

solutions developed for drawdown analysis (i.e. the Theis type-curve) to analyse recovery data. 

 

A summary of the borehole parameters and determined hydraulic conductivity (K) values is given in Table 4-3. Selected 

diagnostic plots with fitted data are shown in Appendix A. 
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Table 4-3: Transmissivity (in m2/d) or hydraulic conductivity values (in m/d) estimates based on tests conducted. 

Name Water Level [mbgl] Depth [m] T-value K-value T-value K-value 

    Step Test Constant Test 

SB03 3.2 29.1 0.690 0.027   

SB04 1.2 29.8 0.118 0.004   

SB06 5.3 27.5 0.572 0.026   

SB07 13.33 30.65 1.646 0.095 6.788 0.392 

SB10 4.81 31.44 0.082 0.003   

 

From the analysis and interpretation of the pumping test data, the following conclusion can be drawn: 

• Due to the limited time of pumping before pump intake was reached, the determined aquifer parameters in 

some boreholes are influenced by well bore storage. 

• Calculated transmissivity values range from 0.08 to 1.7 m2/d within the weathered/fractured aquifer. 

Transmissivities in these aquifers vary greatly with depth of weathering, fracture frequency and structural 

geological position.  

 

4.3. GROUNDWATER LEVELS 

The groundwater levels within close approximation of Stuart Coal South colliery range from just below ground to 

approximately 100 mbgl (Figure 4-3), with an average of 17.8 mbgl. Most of the boreholes measure shallow water levels 

within the upper weathered/fractured Karoo aquifer. Only a few deeper water levels are observed within the deeper 

fractured Karoo aquifer due to limited borehole depths.  

 

 
Figure 4-3: Frequency distribution of water levels within the Stuart Coal South project area.  

 

A plot of the groundwater table against surface elevation data for all boreholes (Figure 4-4) shows a scattering of data 

points and only an average correlation of 95% (R2 = 0.95), excluding the distinctly deeper water levels observed for four 

boreholes (shown as square on Figure 4-4). These boreholes are indicative of either the deeper fractured Karroo aquifer 

or influenced by anthropogenic activities like groundwater abstractions, irrigation or mine dewatering.  
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Figure 4-4: Correlation between surface topography and groundwater elevation within the Stuart Coal South Colliery 
model area. 

 

Albeit only average, the observed, correlation is used to improve the interpolation of initial water levels for the numerical 

model in data scarce environments by applying co-kriging based on known topography (Bayesian interpolation). The 

Bayesian interpolation method uses correlated data to improve the spatial interpolation of the unknown variable, in this 

case the groundwater level. As a Universal Kriging algorithm, it relies on a mathematical description of the change (or 

variance) of a variable with distance, i.e. to what extent neighbouring observations are spatially correlated. Such 

correlation is expressed in a semi-variogram, as depicted in the empirical semi-variogram for the wider Stuart Coal South 

model area below (Figure 4-5) with the fitted Bayesian model used for the interpolation. The semi-variogram model is 

then used in combination with the knowledge of the surface elevation and its correlation to the groundwater elevation 

as a qualified guess to improve the spatial interpolation of water levels. 

 

 
Figure 4-5: Empirical semi-variogram and fitted Bayesian model for the wider Stuart Coal South model area. 
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The interpolated (unconfined) groundwater piezometric map for the shallow weathered aquifer using Bayesian 

interpolation (with the model parameters given above) is shown in Figure 4-6 and was subsequently used as initial heads 

for the Stuart Coal South model (steady-state) calibration. It must be noted that initial heads only facilitate the 

mathematical convergence of a steady-state model, but do not change the outcome of the model i.e. the calculated 

steady-state heads. 

 
Figure 4-6: Interpolated shallow water table elevations (blue) or the Stuart Coal South model area.  
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4.4. GROUNDWATER QUALITY  

The obtained hydrocensus results together with the existing Stuart South Colliery monitoring data serves as a baseline 

for current and future groundwater developments. The water quality is based on data provided by the client (monitoring 

database) and include data from a hydrocensus conducted during August 2018.  

4.4.1. Hydrocensus 

The water quality results obtained during the hydrocensus are presented in Table 4-4. The water quality is compared to 

the SANS 241 (2015) and DWA Drinking water standards. The constituents exceeding either SANS or DWA limits include 

calcium, sodium, iron and nitrate concentrations a well as electrical conductivity and microbiological counts (coliform). A 

total of 22 groundwater samples were collected by Clean Stream Environmental Consultants during August 2018. These 

groundwater samples were submitted to an accredited laboratory for analysis. The results of the water quality obtained 

during the hydrocensus are discussed below. 

 

 
Figure 4-7: Piper Diagram for groundwater samples collected during the hydrocensus. 

The groundwater samples collected during the hydrocensus suggest a mixed groundwater type, starting from a freshly 

recharged groundwater, which had limited time to equilibrate with the aquifer material along its flow path and higher 

mineralised groundwater characterising the evolution of groundwater by cation exchange reactions (sodium increase) 

and enrichment of chloride.  The groundwater is characterised as a calcium-sodium-bicarbonate-chloride water type. The 

deeper Karoo Supergroup samples have a typical, geogenic sodium-chloride water type. The depositional environment 

of the Karoo Supergroup was driven by sea water interaction and deposition, charactering the high sodium and chloride, 

as minerals deposited from marine/oceanographic origin are enriched in sodium and chloride. 
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Table 4-4: Water quality results compared to the SANS and DWA water quality limits, from the hydrocensus at Stuart Coal South Colliery. 

 
 

 

Ca Mg K Na Fe Mn Cu Zn B Mo SO2-
4  H2PO4

- NO-
3 NH+

4 CO2-
3  HCO-

3 pH EC TSS Cl - SAR TPC Col i forms E Col i

mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l micro S/cm mg/l mg/l cfu/ 100 ml cfu/ 100ml cfu/100 ml

<32 <30 <100 <50 <0.1 <0.05 <1 <3 NS NS <200 NS 26.5 NS NS NS 6-9 <70 NS <100 NS 0-5 counts/100 m 0

NS NS <200 NS 2 0.4 2 5 2.4 NS <500 NS 48.6 NS NS NS 5-9.7 <170 <300 NS

AGRI 08/18/0235-1 CSEC 1 2.91 1.65 3.90 6.22 <0.01 <0.01 <0.01 <0.01 <0.01 0.05 1.32 0.42 2.25 <0.01 <0.01 30.51 7.71 65.20 46.00 4.25 0.72 29 2 <10

AGRI 08/18/0235-2 CSEC 3 21.90 9.65 3.61 14.50 <0.01 0.01 <0.01 <0.01 0.03 <0.01 11.04 0.18 1.15 <0.01 <0.01 122.03 7.96 262 242.00 9.93 0.65 2170 >30000 <10

AGRI 08/18/0235-3 CSEC 4 26.15 18.12 1.94 14.79 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 7.47 0.00 70.65 <0.01 <0.01 61.02 7.38 349 356.00 35.45 0.54 >10 >30000 <10

AGRI 08/18/0235-4 CSEC 5 18.51 8.96 2.30 8.87 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 1.48 0.00 22.32 <0.01 <0.01 91.52 8.19 211 288.00 14.89 0.42 6400 >30000 <10

AGRI 08/18/0235-5 CSEC 7 19.53 14.53 2.56 13.92 <0.01 <0.01 <0.01 <0.01 0.02 <0.01 4.54 0.00 11.57 <0.01 <0.01 122.03 8.42 283 208.00 24.82 0.58 22400 >30000 <10

AGRI 08/18/0236-1 CSEC 2 12.36 5.54 3.94 76.844 <0.01 <0.01 <0.01 <0.01 0.10 0.03 17.68 0.08 23.05 6.71 <0.01 213.56 8.49 489 340.00 17.02 4.57 5 2 <10

AGRI 08/18/0236-2 CSEC 6 11.45 6.56 3.71 40.63 <0.01 <0.01 <0.01 <0.01 0.12 0.02 4.94 0.15 <0.01 <0.01 <0.01 137.29 8.44 297 396.00 17.73 2.37 1900 >30000 <10

AGRI 08/18/0236-3 CSEC 9 23.70 15.03 7.12 11.88 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 5.83 0.16 74.27 17.39 <0.01 137.29 7.98 407 254.00 17.02 0.47 > 3000 500 <10

AGRI 08/18/0236-4 CSEC 10 16.03 9.15 5.53 33.53 <0.01 <0.01 <0.01 <0.01 0.05 0.02 2.25 0.05 3.85 1.12 <0.01 167.79 8.08 324 272.00 11.34 1.66 570 200 <10

AGRI 08/18/0236-5 CSEC 21 8.34 6.18 2.54 101 <0.01 <0.01 <0.01 <0.01 0.26 <0.01 1.16 0.12 0.50 0.14 <0.01 122.03 8.40 535 514.00 69.49 6.46 5000.0 80 <10

AGRI 08/18/0236-6 CSEC 22 1.45 1.73 3.68 5.43 0.04 <0.01 <0.01 <0.01 <0.01 <0.01 0.15 <0.01 18.49 5.38 <0.01 15.25 7.11 85 304.00 7.09 0.72 140.0 17 <10

AGRI 08/18/0236-7 CSEC 24 3.56 3.03 6.02 25.49 0.3759 <0.01 <0.01 <0.01 0.07 <0.01 3.79 0.12 1.69 0.49 <0.01 76.27 7.88 172 274.00 14.89 2.40 370.0 74 <10

AGR 08/18/0249-1 CSEC 8 4.61 3.66 8.01 9.9 <0.01 <0.01 0.12 0.08 <0.01 0.03 7.77 0.31 8.64 <0.01 <0.01 45.76 6.54 117 104 4.25 0.84 37 11 <10

AGR 08/18/0249-2 CSEC 11 2.53 1.86 2.98 3.87 <0.01 <0.01 0.02 <0.01 <0.01 0.04 0.75 0.19 3.87 <0.01 <0.01 30.51 6.43 52.3 36 5.67 0.45 450 8 <10

AGR 08/18/0249-3 CSEC 12 46.06 22.99 4.49 11.43 <0.01 <0.01 <0.01 0.02 <0.01 0.03 5.34 0.06 93.43 <0.01 <0.01 122.03 7.15 483 442 43.96 0.34 3400 23 <10

AGR 08/18/0249-4 CSEC 14 32.32 17.48 4.51 34.96 <0.01 <0.01 <0.01 <0.01 0.02 0.04 13.74 0.25 7.27 <0.01 <0.01 91.52 7.73 466 336 14.18 1.23 4900 3 <10

AGR 08/18/0249-5 CSEC 15 21.06 10.15 2.63 12.58 <0.01 <0.01 <0.01 <0.01 0.04 0.04 11.61 0.03 0.61 <0.01 <0.01 137.29 8.19 251 224 6.38 0.56 670 7 <10

AGR 08/18/0249-6 CSEC 16 6.92 3.71 4.23 8.25 <0.01 <0.01 <0.01 <0.01 0.01 0.02 1.05 0.16 6.51 <0.01 <0.01 61.02 7.31 112.2 104 4.25 0.63 280 <10 <10

AGR 08/18/0249-7 CSEC 17 13.23 7.63 3.55 12.63 <0.01 <0.01 <0.01 <0.01 0.01 0.01 15.90 <0.01 38.97 <0.01 <0.01 76.27 6.81 193.7 148 17.02 0.68 78 20 <10

AGR 08/18/0249-8 CSEC 18 4.61 2.51 2.98 5.03 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 0.81 <0.01 18.61 <0.01 <0.01 15.25 6.3 73.3 50.0 7.80 0.47 1350 340 <10

AGR 08/18/0249-9 CSEC 23 19.35 9.09 3.63 14.30 1.78 <0.01 <0.01 <0.01 0.05 0.03 19.68 0.19 <0.01 <0.01 <0.01 137.3 7.8 243 242.0 6.38 0.67 101 400 <10

AGR 08/18/0249-10 CSEC 25 32.36 18.03 5.55 37.50 <0.01 <0.01 <0.01 <0.01 0.02 0.02 14.91 0.66 9.76 <0.01 <0.01 244.1 7.4 485 310.0 13.5 1.3 2140 220 <10

Cl iënt Reference Sample 

DWA SAWQTV Drinking Water

SANS 241-1: 2015
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Dominant bicarbonate anion signatures are mostly attributed to CO2 equilibration with the atmosphere (rainwater) 

whereas rainfall reaches watercourses or vadose zone as runoff interacting with plant humus, plant litter and a similar 

substrate. Water seeps through the soil and vadose zones, also rich in carbon dioxide, and forms calcium carbonate which 

in turn dissolves in bicarbonate into the water. The bicarbonate enriched water signature indicates the fresher, recently 

recharged groundwater. 

4.4.2. Monitoring water quality 

The monitoring boreholes located at the Stuart South Colliery have been continuously monitored since October 2010 on 

a quarterly basis. The time series of electrical conductivities is presented in Figure 4-8. An overall low mineralised 

groundwater facies is observed thought the monitoring period.  Seasonal fluctuations are observed in the groundwater 

trends, indicating groundwater responses to recharge and rainfall associated with a shallow aquifer system.  

 

 
Figure 4-8: Time series graphs of electrical conductivities for the monitoring boreholes at Stuart Coal South Colliery 

The electrical conductivities show mostly stable to decreasing trends following an initial first flush of higher mineralised 

water. An exception is borehole SB06, which shows a trend of increasing conductivities since 2013, most likely due to 

mining impacts.  
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4.5. POTENTIAL POLLUTION SOURCES 

There is no planned mine residue deposits (MRDs).  All saleable coal will be removed, slurry will be filter pressed and 

remaining carbonaceous overburden will be placed at the base of the pit. Mined out open pit working and rehabilitated 

spoils containing pyrite minerals exposed to oxygen will potentially results in result in acidification with pH values of 5.5 

- 6 and 5.5 - 3.5 over the medium and long term respectively (GCS, 2012). Based on the 2012 geochemical assessment, 

water quality from the pit will contain elevated salt concentrations (SO4 dominant) with 500 – 4 000 mg/l sulphate (GCS, 

2012).  

4.6. GROUNDWATER PATHWAY 

During the operational phase and for a time after closure, the open pits act as groundwater sinks. Groundwater will thus 

flow radially inwards towards the open pit areas and the natural groundwater flow direction will be altered depending 

on the position in the depression cone. After filling up of the mine voids, the groundwater flow directions will tend to 

return to the pre-mining flow directions should the pre-mining topography be re-established. However, the higher 

permeability backfill material will attract higher recharge and result in a flattened, but raised water table in comparison 

to the in-situ material and trigger potential decant at its boundaries.  

4.7. RECEPTOR 

While the groundwater resources in shallow and deep aquifers should be considered receptors of potential pollution 

emanating from the rehabilitated spoils, the decant/seepage of polluted groundwater (as groundwater baseflow) into 

the unnamed tributary of the Wilge River (to the east)- and Bronkhorstspruit (to the west) triggers the risk of surface 

water and associated wetlands pollution as well as off-site migration.  
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5. AQUIFER CHARACTERISATION 

5.1. GROUNDWATER VULNERABILITY 

Groundwater vulnerability gives an indication of how susceptible an aquifer is to contamination. Aquifer vulnerability is 

used to represent the intrinsic characteristics that determine the sensitivity of various parts of an aquifer to being 

adversely affected by a contaminant load imposed from surface. Figure 5-1 shows the national groundwater vulnerability 

ratings underlying the project area, indicating the tendency or likelihood for contamination to reach a specified position 

in the groundwater system after introduction at some surface location above the uppermost aquifer. The method is 

based on the DRASTIC method which includes the following parameters: Depth to water table; Recharge (net); Aquifer 

media; Soil media; Topography; Impact of the vadose (unsaturated) zone; Conductivity (hydraulic). Based on the national 

scale results, the aquifer underlying the project area has a low vulnerability rating. However, is should be noted that 

medium to high vulnerability rating classifies areas towards the west (high), north (medium) and far south (medium).  

 
Figure 5-1: Groundwater vulnerability map for the project area. 

5.2. AQUIFER CLASSIFICATION 

According to the Hydrogeological Map (1:500 000) series, the regional hydrogeology is characterized as an ‘intergranular 

and fractured aquifer’ with a typical potential yield of 0.1 to 0.5 litres per second, with karst condition towards the west 

yielding more than 5 litres per second (Figure 5-2). A micro-fractured matrix in the fractured Karoo aquifers provides the 

storage capacity with limited groundwater movements, while secondary features such as fractures / faults and bedding 

planes enhance groundwater flow. The intergranular aquifer is associated with the weathered zone, river alluvial and 

quaternary sand deposits. Karst aquifers are located towards the west of Stuart Coal South project area and characterise 

the major aquifer system with groundwater storage dominated by dolomite cavities, crevasses, chemically weathered 

zones and fractured systems and to a lesser extent micro-fracture matrix. 
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Figure 5-2: Aquifer classification map for the project area. 

 

Based on the aquifer classification map (Parsons and Conrad, 1998), the aquifer system underlying the site is regarded 

mainly a “minor aquifer” and only towards the dolomites in the west as a “major aquifer” (Figure 5-2). A summary of the 

classification scheme is provided in Table 5-1. In this classification system, it is important to note that the concepts of 

Minor and Poor Aquifers are relative and that yield is not quantified. Within any specific area, all classes of aquifers should 

therefore, in theory, be present.  

 

Table 5-1: Aquifer classification scheme after Parsons and Conrad (1998). 

Aquifer Description 

Sole source aquifer 
An aquifer used to supply 50% or more of urban domestic water for a given area, for which there are 

no reasonably available alternative sources, should this aquifer be impacted upon or depleted. 

Major aquifer region High-yielding aquifer of acceptable quality water. 

Minor aquifer region Moderately yielding aquifer of acceptable quality or high yielding aquifer of poor-quality water. 

Poor aquifer region 
Insignificantly yielding aquifer of good quality or moderately yielding aquifer of poor quality, or 
aquifer that will never be utilised for water supply and that will not contaminate other aquifers. 

Special aquifer region An aquifer designated as such by the Minister of Water 

 

 

 

 

 

 

 



 
  
 

Stuart Coal South Colliery Groundwater Study 26 

5.1. AQUIFER PROTECTION CLASSIFICATION 

As part of the aquifer classification, a Groundwater Quality Management (GQM) Index is used to define the level of 

groundwater protection required (Parsons 1995). The point scoring system and classification of the site-specific project 

area are presented in Table 5-2. It should be noted that the point scoring system and classification does not include the 

dolomite aquifer towards the west. The coal resources are contained within the Karoo aquifer comprised of a thick 

sedimentary succession, which is underlain by the Dwyka sediments, consisting of diamictites and tillites. The Dwyka 

sediments (especially the impermeable tillite if unfractured) act as a barrier to vertical groundwater flow between the 

Karoo sandstones and the dolomites of the Malmani Subgroup.  

 

Table 5-2: Groundwater Quality Management (GQM) Classification System. 

Aquifer System Management Classification  

Class  Points Project area  

Sole Source Aquifer System:  
Major Aquifer System:  
Minor Aquifer System:  
Non-Aquifer System:  
Special Aquifer System:  

6 
4 
2 
0 

0 – 6 

2 

Aquifer Vulnerability Classification 

Class  Points Project area  

High:  
Medium:  
Low:  

3 
2 
1 

1 

 

The recommended level of groundwater protection based on the Groundwater Quality Management Classification is 

calculated as follows: GQM Index = Aquifer System Management x Aquifer Vulnerability = 2 x 1 = 2. 

 

A Groundwater Quality Management Index of 2 was estimated for the project area from the ratings for the Aquifer 

System Management Classification (Table 5-3). According to this estimate, a low-level groundwater protection is required 

for the intergranular and fractured aquifer. Reasonable groundwater protection measures are recommended to ensure 

that no cumulative pollution affects the aquifer, even in the long term. DWSs water quality management objectives are 

to protect human health and the environment. Therefore, the significance of this aquifer classification is that if any 

potential risk exists, measures must be taken to limit the risk to the environment, which in this case is the protection of 

the underlying aquifer. 

 

Table 5-3: GQM index for the project area. 

Index  Level of Protection  Project area  

<1  
1 - 3  
3 - 6  
6 - 10  
>10  

Limited  
Low Level  
Medium Level  
High Level  
Strictly Non-Degradation  

2 
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6. GROUNDWATER MODELLING 

6.1. SOFTWARE MODEL CHOICE 

The software code chosen for the numerical finite-element modelling work was the 3D groundwater flow and transport 

model SPRING, developed by the delta h Ingenieurgesellschaft mbH, Germany (König, 2011). The program, formerly 

known as SICK 100, was first published in 1970, and since then has undergone a number of revisions. The current 

saturated and unsaturated program module SPRING-SITRA is based on the well-known SUTRA model (Voss, 1984). 

SPRING is widely accepted by environmental scientists and associated professionals. SPRING uses the finite-element 

approximation to solve the groundwater flow equation. This means that the model area or domain is represented by a 

number of nodes and elements. Hydraulic properties are assigned to these nodes and elements and an equation is 

developed for each node, based on the surrounding nodes. A series of iterations are then run to solve the resulting matrix 

problem utilising a pre-conditioning conjugate gradient (PCG) matrix solver for the current model. The model is said to 

have “converged” when errors reduce to within an acceptable range. SPRING is able to simulate steady and non-steady 

flow, in aquifers of irregular dimensions.  

SPRING solves the stationary flow equation independent of the density for variable saturated media as a function of the 

pressure according to: 

−∇(𝐾𝑖𝑗∇ℎ) = −∇ (𝐾𝑝𝑒𝑟𝑚

𝜌𝑔

𝜇
∇ℎ) = 𝑞 = −∇ [

𝐾𝑝𝑒𝑟𝑚 ∙ 𝑘𝑟𝑒𝑙

𝜇
(𝜌𝑔∇𝑧 + ∇𝑝)] 

∇          (
𝜕

𝜕𝑥
,

𝜕

𝜕𝑦
,

𝜕

𝜕𝑧
 ) 

𝑞       Darcy flow
𝐾𝑖𝑗       Hydraulic conductivity tensor 

𝜌𝑔       Density ∙ gravity 
 

𝐾𝑝𝑒𝑟𝑚 Permeability  

𝜇     Dynamic viscosity 
𝑘𝑟𝑒𝑙     Relative permeability 
𝑝     Pressure

 

 

The relative hydraulic conductivity is hereby calculated as a function of water saturation, which in turn is a function of 

the saturation: 

𝑘𝑟𝑒𝑙(𝑆𝑟) = (𝑆𝑒)𝑙 [1 − (1 − (𝑆𝑒)
1
𝑚)

𝑚

]
2

 

𝑆𝑒 =
𝑆𝑟(𝑝) − 𝑆𝑟𝑒𝑠

𝑆𝑠 − 𝑆𝑟𝑒𝑠
= [1 + (

𝑝𝑐

𝑝𝑒
)

𝑛

]

1−𝑛
𝑛

 

𝑆𝑟(𝑝) Relative saturation dependent on pressure
𝑆𝑒 Effective saturation 
𝑙 Unknown parameter, determined by van Genuchten to 0.5 

 

𝑚    equal to  1 − (1/n)
𝑛    Pore size index 
𝑆𝑟𝑒𝑠    Residual saturation

 

𝑆𝑠       Maximum saturation
𝑝𝑐       Capillary pressure 
𝑝𝑒       Water entry pressure 

 

 

Solving these equations for the relative saturation as a function of the capillary pressure Sr(pc) results in the capillary 

pressure- saturation function according to the Van Genuchten (1980) model as used in SPRING: 

𝑆𝑟(𝑝𝑐) = 𝑆𝑟𝑒𝑠 + (𝑆𝑠 − 𝑆𝑟𝑒𝑠) ∙ [1 + (
𝑝𝑐

𝑝𝑒
)

𝑛

]

1−𝑛
𝑛
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The water entry pressure is a soil specific parameter and defined as the inverse of a = 1/pe in the saturation parameters. 

Figure 6-1 shows examples of the pressure-saturation functions according to van Genuchten for different soil types 

 
Figure 6-1: Examples of capillary pressure- saturation functions (König, 2011). 

 

The density independent, instationary flow equation for variable saturated media as a function of the capillary pressure 

is given as follows: 

𝜌 (𝑆𝑟(𝑝𝑐)𝑆𝑠𝑝 + 𝜃
𝜕𝑆𝑟(𝑝𝑐)

𝜕𝑝
)

𝜕𝑝

𝜕𝑡
+ 𝜃𝑆𝑟(𝑝𝑐)

𝜕𝜌

𝜕𝑡
− ∇ [𝜌

𝐾𝑝𝑒𝑟𝑚𝑘𝑟𝑒𝑙

𝜇
(∇𝑝 + 𝜌𝑔∇𝑧)] = 𝑞 

 

The specific pressure dependent storage coefficient Ssp is hereby given as 

𝑆𝑠𝑝 = 𝛼(1 − 𝜃) + 𝛽𝜃 

𝛼       Compressibility of porous media matrix
𝛽       Compressibility of fluid (water) 
𝜃       Aquifer porosity 

 

 

The transport equation for a solute in variably saturated aquifers is given as follows: 

𝜃𝑆𝑟(𝑝𝑐)
𝜕𝑐

𝜕𝑡
+ 𝜃𝑆𝑟(𝑝𝑐)𝑣∇𝑐 − ∇(𝜃𝑆𝑟(𝑝𝑐)(𝐷𝑚1̿ + 𝐷𝑑)∇𝑐) = 𝑞𝑐∗ + 𝑅𝑖 

𝑞𝑐∗       Volumetric source/sink term with concentration c ∗
𝐷𝑚       Molecular diffusion 

1̿       Unit matrix 

 

𝐷𝑑        Hydromechanic dispersion
𝑅𝑖        Reactive transport processes (sorption, decay, etc. )

 

 

The software is therefore capable to derive quantitative results for groundwater flow and transport problems in the 

saturated and unsaturated zones of an aquifer.  

 

SPRING uses an efficient preconditioned conjugate gradient (PCG) solver for the iterative solution of the flow and 

transport equation. The closure criterion for the solver, i.e. the convergence limit of the iteration process was set at a 

residual below 1e-06. The Picard iteration, used for the iterative computation of the relative permeability for each 

element as a function of the relative saturation respectively capillary pressure, used a damping factor of 0.5 and was 

limited to 8 iterations. The relative difference between the two computed potential heads or capillary pressures after 8 

iterations was generally below an acceptable 0.05 m. 
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6.2. MODEL SET-UP AND BOUNDARIES 

The Stuart South Colliery groundwater flow and transport model domain (Figure 6-2) covers a surface area of around 

427.5 km2, straddling the B20A and B20E quaternary catchments. The boundaries of the regional model follow perennial 

river courses in the East (Wilge River) and a tributary of the Bronkhorstspruit in the west and topographical highs along 

the quaternary catchment boundaries in the North and South, which were also considered to define regional 

groundwater divides to form no-flow boundaries. The topographic highs are far removed from the mining areas and 

therefore considered to define a groundwater divides or natural flow boundaries, not influenced by dewatering activities 

within the model domain, ensuring a dependable water balance for the regional model with rainfall recharge being the 

main driver of groundwater flow.  

6.3. GEOMETRIC STRUCTURE OF THE MODEL 

The model domain was spatially discretised into 60 875 nodes on eight node layers, which make up seven finite-element 

layers with 70 312 elements (triangles and quadrangles) each. Note that the elements layers representing the number 5, 

4 and 2 coal seams and associated future mine workings are only present within the boundaries of the provided geological 

model and not throughout the model domain. The horizontal element size (side length) varies from a minimum of 20 m 

in the mining area to a maximum of 150 meters further away from the area of interest and expected steep groundwater 

head or concentration gradients. The spatially variable discretisation of the finite-element model domain allows to 

accurately incorporate the mine layout (including future mining blocks), geology and surface water features (rivers and 

pans) in the regional Stuart South Colliery groundwater flow model (Figure 6-2). 

 

The finite-element model was set-up as a three-dimensional, steady-state groundwater model. In view of the capabilities 

of the used software to simulate outcropping layers, the layers were arranged to represent the conceptual model as well 

as the coal seams targeted over the life of mine. Not all layers used to represent the mine layout are therefore present 

throughout the model domain (Figure 6-3). The different data sources used to define the elevations of the different model 

layers are given in Table 6-1. 
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Figure 6-2: Finite element mesh of the groundwater model (mining areas indicated black, surface drainages in blue). 
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The top or surface elevation of the model (i.e. element layer I) is based on a regional 50m by 50m Digital Elevation Model 

(DEM) and locally refined for the Stuart South Colliery area by recent survey data. The bottom of model layer I, 

representing the shallow weathered zone respectively aquifer, was off-set from the DEM by an assumed average 

thickness of 15 meters across the model domain. Model layer II, representing the fractured Karoo aquifer (overburden) 

up to 5 Seam, as well as model layer IV and VI, representing the interburden to 4 Seam and 2 Seam, are only present 

within the mining areas and based on the provided coal seam floor elevations (Table 6-1). The bottom of the active flow 

system or model layer VII is set at 150 meters below surface topography, a value which is commonly used to limit the 

zone of active groundwater flow. Note that this assumption does not suggest the general absence of groundwater flow 

at greater depth, but a limited and therefore negligible contribution thereof in the context of the study. To ensure 

numerical stability, the deeper fractured aquifer was split into two numerical model layers (VI and VII) (see Figure 6-3). 

 

Table 6-1: Arrangement of model layers in the Stuart South Colliery groundwater model. 

Element layer Node layer Aquifer feature Data used for interpolation 

I, top 1 Surface elevation 
Digital Elevation Model (DEM) 50x50m and 
Pinewood Areas SGP2016_31 Cape29 50cm 
Contours.dxf 

I, bottom 2 Soil zone DEM – 2m 

II, bottom 3 Weathered aquifer DEM – 12m 

III, bottom 4 
Fractured aquifer up to 5 Seam within mining 
areas 

S2 Floor ID2 BLN.grd, linearly interpolated 

IV, bottom 5 
Fractured aquifer, interburden to 4 Seam within 
mining areas 

S4 Floor ID2 BLN.grd, linearly interpolated 

VI, bottom 6 
Fractured aquifer, interburden to 2 Seam within 
mining areas 

S2 Floor ID2 BLN.grd, linearly interpolated 

VII, bottom 7 Fractured aquifer DEM - 75m 

VII, bottom 8 
Fractured aquifer to lower limit of active flow 
system 

DEM - 150m 

 
Figure 6-3: Example of the vertical grid layout across the mining area (E-W cross section, colours indicate numerical model layers 
only). 

 

 

  

2 Seam 

Floor 

4 Seam 

Floor 

5 Seam 

Floor 



 
  
 

Stuart Coal South Colliery Groundwater Study 32 

6.4. GROUNDWATER SOURCES AND SINKS 

6.4.1. Groundwater Recharge 

The percentage of the mean annual precipitation (MAP) of around 657 (B20E) to 661 (B20A) mm for the area of interest 

recharging the regional undisturbed shallow weathered Karoo aquifer was estimated in GRAII (DWAF 2006) to range 

depending on the applied model from 6.3% (B20E) to 6.6% (B20A) of MAP or 42 to 44 mm/a, respectively (Table 3-1). 

Vegter (1995) estimated rates of 4.8% (B20E) and 6.8% (B20A) or 32 and 45 mm/a, respectively. 

 

A higher proportion of rainfall infiltration and recharge may occur in areas where the natural vegetation is reduced and 

the natural permeability is increased such in stripped or backfilled areas, inward draining areas or areas of increased 

fracturing (and potentially subsidence) associated with mining. Lower recharge rates due to increased surface run-off are 

on the other hand expected for sealed or intensely compacted areas, i.e. along the haul roads and ramps with heavy 

vehicle traffic. Hodgson and Krantz (1998) estimated an average recharge rate of 10% of rainfall for rehabilitated spoils. 

 

Considering the substantial uncertainty associated with recharge/seepage estimates in general and for mining influenced 

areas in specific, Delta H used the estimates as given in Table 6-2 for the current model application. The seepage rate 

reflects rehabilitated, free backfilled areas, which would enhance surface run-off and thereby minimize rain water 

ingress.  

 

Table 6-2: Estimates of recharge rates for Stuart South Colliery groundwater model. 

Unit 
Life of Mine  Post-closure 

(% of MAP) (mm/a) (% of MAP) (mm/a) 

Weathered Karoo and Alluvium ~ 3 18 ~ 3 18 

Open cuts ~ 20 120 na na 

Unrehabilitated backfilled spoils ~ 15 90 na na 

Rehabilitated backfilled spoils ~ 10 60 ~ 10 60 

 

The groundwater recharge and seepage rates given in Table 6-2 were assigned to the top layer of the groundwater flow 

model as aerial seepage rates (2nd type or specified flux boundary condition). The rates were considered fixed for the 

calibration of the model. 

6.4.2. Surface waters 

Water leaves the model domain via numerous perennial and non-perennial rivers. Notwithstanding the type, all surface 

water drainages were classified as continuously gaining river courses. A river or 3rd type (Cauchy) boundary condition was 

assigned to the streams and river courses within the model domain whereby the leakage of groundwater into the river 

(or vice versa) depends on the prevailing gradient. Based on estimated baseflow rates for the catchments of interest, the 

streams/rivers were generally classified as potentially gaining streams/rivers and no leakage of surface water into the 

aquifer respectively the model domain allowed. With the chosen approach, no water losses occur from the perennial and 

non-perennial rivers into the model domain, but groundwater on either side of the river/drainage might discharge into it 

as a function of the calculated gradients. The streams act therefore only as groundwater sinks. In the absence of site-

specific data, leakage of groundwater into the rivers/streams is assumed to be not constricted by semi-pervious layers in 

the riverbed and a leakage coefficient equivalent to the aquifer permeability assigned to the river. An incision of 5 meters 

below the surrounding topography is assumed for the hydraulic active riverbed. 
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6.4.3. Regional Groundwater Flow 

Deeper regional groundwater flow systems (across the model boundaries) were neglected in the model due to the lack 

of data. This contributes to errors associated with the model calibration, but are considered negligible in the context of 

the model application. 

6.4.4. Opencast Mine Workings 

Higher confidence simulations of mine inflows over the Life of Mine (LoM) can only be retrieved once surveyed mine-

cuts become available. At this stage the future mine workings were represented in the numerical model by aligning the 

surface elevation of the cut for a given year (Figure 6-4) to the floor elevation of the targeted No. 5, 4 or 2 seam (i.e. node 

layers 4, 5 and 6, see Table 6-1) and assigning a free seepage boundary to the respective area.  

 
Figure 6-4: Life of Mine period plot (client data, file name: mining schedule.shp). 

 

While the chosen approach does not represent the slopes of the cuts accurately, it is considered an acceptable 

simplification for the purpose of predicting future mine inflows (and not pore pressures in the vicinity of the walls) under 

consideration of a free water table and seepage into the pit. An example of a cross-section through a future mining area 

is given in Figure 6-5. 
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Figure 6-5: Vertical grid layout across a future open cast pit (colours indicate numerical model layers only). 

 

It is assumed that any groundwater entering the pits is removed (pumped out) instantaneously and that the pits represent 

therefore the lowest local drainage elevations. In other words, groundwater is allowed to seep freely into the open cast 

mine workings and instantaneously removed from there, with a subsequent development of cones of dewatering. No 

groundwater storage and flow within or seepage from the pit into the underlying aquifer is considered. 

 

Average inflows rates over periods of advance (LoM) for the various pits were simulated. The following periods were 

considered for the different open pit areas: 

• Delta (2019 to 2028) and (2029 to 2036) 

• Alpha (2037 to 2048) 

• Echo1 (2049 to 2062) 

• Beta (2063 to 2075) and (2076 to 2087) 

• Echo2 (2088 to 2091) 

• Charlie1 (2092 to 2097) 

• Charlie2 (2098 to 2102) 

6.4.5. Backfilled Opencast Mine Workings 

The future backfilled opencast mine workings for a given year were incorporated into the model by “back-filling” the box 

cuts of the previous model year up to a post-closure topography.  

 

In the absence of a post-closure elevation model developed by the client, Delta H assumed that the pre-mining 

topography will be re-established post-closure. This will require the import of soil material, as the mined coal seams 

represent material losses not available for the backfilling. The assumption of a pre-mining topography is very optimistic 

and likely to reduce predicted post-closure decant rates. The post-closure model predictions should therefore be re-

visited once a post-closure elevation model becomes available. 

 

The vertical thickness of the backfilled area is thereby determined by the targeted coal seam and envisaged post-closure 

topography (here assumed to be pre-mining), the thickness varies therefore over various model (element) layers. This 

was achieved by adjusting the surface elevation of the previous box-cut areas back to the pre-mining elevation and 

assigning higher permeabilities (3E-05 m/s), porosities (25%) and recharge rates (95 mm/a, reduced to 60 mm/a for post 

closure simulations due to rehabilitation, Table 6-2) to this area. This process was iteratively repeated for each simulation 

year until the end of planned life of mine was reached for the mining areas.  
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6.4.6. Seepage from Mine Residue Deposits (and open cast pits) 

The Run of Mine (ROM) will be transported initially to the Weltevreden plant, and later, after construction to the south 

plant. No discard or waste material will be generated. The PCDs associated with Delta, Charlie and Echo Opencast Pits 

have been designed to include an HDPE lining to prevent infiltration of contaminated water into the groundwater. 

 

During the operational phase and for a time after closure, the open pits will act as groundwater sinks. Groundwater will 

thus flow radially inwards towards the open pit areas and the natural groundwater flow direction will depend on the 

position in the cone of water table depression. During this phase, no significant change to the ambient groundwater 

quality are expected. Long-term groundwater quality impacts area associated with the post-closure rebound of the water 

table in the backfilled mine voids. The groundwater flow directions will tend to return to the normal flow directions that 

existed before mining commenced. However, the higher permeability backfill material will attract higher recharge and 

result in a flattened, but raised water table in comparison to the in-situ material and trigger potential decant at its 

boundaries. Long-term pollution effects depend on the amount and type of pyrite in the coal and other sediments, as 

well as the amount of air (specifically oxygen) available for chemical reaction. 

 

Based on the Stuart Coal Geochemical Assessment (GCS, 2012), the average waste rock backfill material showed 

acidification in all pits with pH values of 5.5 - 6 and 5.5 - 3.5 over the medium and long term respectively. For the average 

waste rock composition in the unsaturated zone, the SO4 concentrations in the pit water will be between 500 - 2 000 

mg/l and between 500 - 2 500 mg/l /l for the average and maximum unsaturated zone depths respectively. It is not 

foreseen that any metals except Al, Fe and Mn will be present in seepage from the opencast mines. 

 

6.5. NUMERICAL MODEL  

6.5.1. Initial Conditions 

The initial conditions specified in the steady state flow model were as follows: 

• Starting heads for the aquifers were interpolated from measured shallow water levels using Gaussian 

interpolation and used as initial heads for the steady-state simulations (chapter 6). 

• Horizontal hydraulic conductivities of 5E-06 m/s and 1E-07 m/s for the weathered and fractured Karoo aquifer 

respectively.  

• Vertical hydraulic conductivities were set at 10% of the horizontal conductivities. 

6.5.2. Transport Parameter 

One of the uncertainties encountered during transport modelling of pollutants is the kinetic or effective porosity of the 

aquifer. Effective (transport) porosity values were specified as 10% for the weathered and 5 to 3% (decreasing with depth) 

for the fractured Karoo aquifer. In the absence of site-specific data, values of dispersivity were inferred from literature 

values, with a uniform longitudinal dispersion length of 100 m assigned to all aquifer’s units and the transversal 

dispersivity set at 10 % of the longitudinal dispersivity (NRC, 1990).  

6.5.3. Steady State Calibration 

The groundwater levels (in metres above mean sea level) measured in twenty-nine (29) boreholes within the vicinity of 

the Stuart South Colliery area were used as targets for the steady-state model calibration. Since the modelled 

groundwater levels are directly related to the assigned recharge rates and hydraulic conductivities, an independent 

estimate of one or the other parameter is required to arrive at a potentially unique calibration of the model. The model 

was run with the initial conditions and the conductivities adjusted within sensible boundaries until a best fit between 

measured and computed heads and pit inflows was achieved (Figure 6-6). No attempt was made to change hydraulic 

conductivity values within different stratigraphic units, so as to achieve representative uniform parameters for these. 
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Figure 6-6: Steady-state calibration of the Stuart South Colliery groundwater flow model. 

 

The root mean square error (RMSE) respectively the normalised root mean square error (NRMSE) were used as 

quantitative indicators for the adequacy of the fit between the XX (=n) observed (hobs) and simulated (hsim) water levels: 

𝑅𝑀𝑆𝐸 = √
∑(ℎ𝑜𝑏𝑠 − ℎ𝑠𝑖𝑚)2

𝑛
 

𝑁𝑅𝑀𝑆𝐸 =
𝑅𝑀𝑆𝐸

ℎ𝑚𝑎𝑥 − ℎ𝑚𝑖𝑛
 

The normalised root mean square error scales the error value to the overall range of observed heads within a model 

domain (here approximately hmax – hmin = 1603 mamsl – 1524 mamsl = 112.3 m), with values lower than 10% considered 

acceptable. 

 

Despite the intended constraint of uniform hydraulic conductivity values for the different geological units, a good 

correlation between observed and modelled water levels (R2 = 0.96 or 96% correlation, Figure 6-6) with no obvious bias 

towards too high or low modelled heads (even distribution of data points around regression line with a unit slope in 

Figure 6-6) was achieved for the steady-state calibration. The corresponding root mean square error of RMSE = 8.2 and 

normalised root mean square error of NRMSE = 10 % of steady-state calibration of the groundwater flow model are 

considered adequate for the purpose of the study. The calibrated hydraulic conductivity values as given in Table 6-3 were 

subsequently used for the predictive transport model calculations. 

 

Table 6-3: Calibrated hydraulic conductivity values for the Stuart South Colliery groundwater model. 

Aquifer 
Hydraulic conductivity Porosity 

(m/s) (m/d) % 

Weathered Karoo 6e-06  0.52 10 

Backfilled Spoil 3E-05 2.6 25 

Fractured Karoo, including coal seams 5E-07 0.04 5 

Deeper fractured Karoo, below coal seams 1E-7 0.02 3 

Intrusive rocks 5E-08 0.004 3 
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6.6. RESULTS OF THE MODEL 

6.6.1. Baseline 2018 

The simulated average (steady-state) water levels as shown in Figure 6-7 (representing the current, mining influenced 

status quo) are used as the baseline against which the drawdowns of the groundwater table due to potential future mine 

inflows are evaluated.  

 
Figure 6-7: Simulated steady state free water table elevations (2018) for the model area (mining area indicated in black). 
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6.6.2. During Life of Mine (2019 to 2102) 

The calibrated groundwater flow model was used to estimate the annual average groundwater inflows into the opencast 

mine voids. The proposed mine cuts for selected periods were consecutively incorporated into the model as free seepage 

boundaries, with subsequent backfilling of the cuts in the next simulation period (see chapter 6.4.4). The model was then 

run with refined time steps and the inflows averaged to account for the instantaneous incorporation of the cuts at the 

beginning of a given period. The simulated inflow rates for the pit areas over selected periods are shown in Table 6-4. 

The highest inflows are associated with the deeper Beta and Echo 1 opencast pits. The estimated inflow rates are likely 

to be an overestimate due to the prolonged periods simulated with an active mine cut.  

 

The simulated mine inflow values should therefore be seen as an initial estimate, which should be reviewed once actual 

inflow data and more detailed mine schedules become available. This should occur two to three years into the mining 

operation and updated regularly based on monitoring data.  

 

Table 6-4: Estimated inflow rates based on the Stuart South Colliery mining schedule. 

Pit Area (mining schedule)  
Average Inflows 

(m3/day) 

Delta (2019 to 2028) 875 

Delta (2029 to 2036) 912 

Alpha (2037 to 2048) 1 250 

Echo1 (2049 to 2062) 1 402 

Beta (2063 to 2075) 1 490 

Beta (2076 to 2087) 935 

Echo2 (2088 to 2091) 589 

Charlie1 (2092 to 2097) 762 

Charlie2 (2098 to 2102) 211 

 

6.6.2.1. Impacts associated with mine inflows 

Assuming re-use or other environmentally acceptable disposal practices of the groundwater entering the opencast mine 

voids, the environmental impacts associated with the mine inflows are primarily associated with 

• the dewatering of the aquifer above and in the vicinity of the underground mine voids with potential impacts 

on the receiving groundwater environment, and 

• the interception of ambient groundwater flow, which would have under natural conditions discharged into the 

surface drainages, provided baseflow to the rivers, or contributed to deeper regional groundwater flow.  

 

The simulated impact of the partial dewatering of the weathered and fractured Karoo aquifer due to mine inflows is 

depicted in Figure 6-8, Figure 6-9 and Figure 6-10,  respectively as contours of drawdown (in metres) for LoM 2036, 2063 

and 2102. The cones of dewatering are presented as contour areas with cut-off values of 5 m. Beta and Echo 1 opencast 

pit is where the deepest drawdown of the groundwater level was simulated (Figure 6-9). As mining progresses with 

concurrent backfilling, groundwater levels are expected to start to rebound partially in the backfilled areas. The final 

drawdown simulations for the Charlie-2 pit reflect for large parts a recovered groundwater level and the drawdown is 

limited to 15 to 20 m within the pit area.   

 

Assuming re-use or other environmentally acceptable disposal practices of the groundwater entering the mine voids, it 

is expected that the mine inflows are a “sink of groundwater” during life of mine and do therefore not change the 

groundwater quality.  
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C  

Figure 6-8: Simulated groundwater table drawdown in the weathered Karoo aquifer in 2036 LoM (mine lease boundary indicated 
by black line).  
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Figure 6-9: Simulated groundwater table drawdown in the weathered Karoo aquifer in 2063 (LoM) (mine lease boundary indicated 
by black line). 

 

 



 
  
 

Stuart Coal South Colliery Groundwater Study 41 

 
Figure 6-10: Simulated groundwater table drawdown in the weathered Karoo aquifer after in 2102 (LoM). 
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6.6.3. Post Closure 

6.6.3.1. Model Setup 

To reduce the overall water-make at the end of life of mine, the backfilled areas are furthermore assumed to be 

rehabilitated by top soiling and seeding to enhance vegetation growth and thereby minimising the infiltration of 

rainwater recharging the spoils material. The recharge rate is therefore assumed to reduce to 60 mm/a (Table 6-2). The 

simulated heads at the end of life of mine were assigned as starting heads for the post-closure simulations and the model 

used to simulate the free re-bound of the water table in the mining areas due to recharge and lateral groundwater flow 

into previously dewatered areas.  

 

Due to enhanced the recharge rates and permeabilities of the backfilled areas in comparison to the pre-mining 

environment, post-closure decant is likely to occur in lower lying backfilled areas. This is likely to occur at the perimeter 

of the mining areas where lateral groundwater flow from the backfilled areas is inhibited by the lower permeability in-

situ rocks. Since the groundwater model cannot simulate surface run-off, it is assumed that any decanting groundwater 

is removed from the groundwater flow system at the decant point (achieved by assigning a free seepage boundary to the 

land surface of the mining areas) and does not re-infiltrate into the subsurface. The closure scenario can therefore predict 

the likely future water table elevations within the backfilled areas and potential decant, but not the dynamics of surface 

run-off or potential free surface water bodies developing within inward draining backfilled areas.  

 

6.6.3.2. Impacts associated with water table rebound and discharge from the backfilled areas 

The post-closure model simulation was run for 50 years with a monthly time step width to estimate the potential new 

equilibrium of water levels under changed hydraulic properties and recharge rates for the backfilled areas only. No other 

influences on the water balance due to land use changes within the wider catchment or reduced recharge rates due to 

climate change effects were considered in the simulations. The predicted post-closure water levels are shown in Figure 

6-11. 

 

The duration before a new dynamic equilibrium is established depends on the recharge rate, the total volume of the 

backfilled areas to be flooded as well as lateral groundwater inflows. The predicted decant rates are provided in Table 

6-5, however, the timing thereof is largely based on the concurrent backfill and the time for the groundwater level to 

rebound. Predicted time-to-decant estimated by CSGS (2012) varied from around 40 to more than 100 years. Due to the 

partial recovery of groundwater levels during the concurrent backfill process the post-closure time to decant depends on 

the final positions of the cone of dewatering. Preliminary results for post-closure decant time lines for the Alpha, Delta 

and Beta open pits are shown in Figure 6-12. The indicated time to decant ranges from 5 years for the Alpha pit up to 20 

years for the Beta pit. In theory the time-to decant should partially include the period after the open cut has been 

backfilled and rehabilitated during the operational phase.  

 

 

Beyond the surface decant of groundwater impacted by its geochemical interaction with the backfill material, i.e. the 

formation of acid mine drainage, the impacted groundwater will also dissipate in the surrounding undisturbed aquifer, 

i.e. form a groundwater pollution plume. In order to simulate the extent of the groundwater plume associated with the 

backfilled areas, a sulphate source concentration of 2 500 mg/l (see section 6.4.6) was assigned to all backfilled areas and 

the advective-dispersive (longitudinal dispersivity of 100 m) transport of a potential pollutant without any retardation or 

transformation simulated. The transport was simulated over fifty years. No initial or background concentrations are 

assumed in the predictive model runs and the simulated plumes represent therefore predicted net effects of the backfill 

groundwater plume on the ambient groundwater quality.  
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Figure 6-11: Simulated post-closure water level contours (blue) and decant locations. 

 

Table 6-5: Simulated decant rates post-closure. 

Pit Area 
Decant Rate 

(m3/day) 
Prelim. Decant 

elevation (mamsl) 

Delta 267 1576 

Alpha  143 1565 

Echo1  196 1579 

Beta  350 1580 

Echo2  51 1578 

Charlie1  71 1578 

Charlie2  49 1571 
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Figure 6-12: Simulated post-closure time-to decant. 

 

The predicted post-closure groundwater plumes emanating from the backfilled areas are shown in Figure 6-13 and Figure 

6-14. Expectedly, the plumes follow the regional groundwater flow directions towards the surface water drainages and 

extend up to 800 metres (after 50 years) in a westerly direction, and 700 metres in an easterly direction. The plume is 

likely to impact via groundwater baseflow on the delineated wetlands associated with the surface water course with 

sulphate concentrations of up to 700 mg/l. 
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Figure 6-13: Simulated post-closure groundwater plume 25 years after mine closure (mine pits indicated by black blocks). 

Sulphate (mg/l 
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Figure 6-14: Simulated post-closure groundwater plume 50 years after mine closure (mine pits indicated by black blocks). 

 

The environmental impacts associated with the rebound of the water table in the backfilled mining areas are primarily 

associated with: 

• Minor changes in the regional groundwater flow directions due to enhanced recharge rates and permeabilities 

of the backfilled areas in comparison to the pre-mining environment. 

• The decant of mine water from the backfilled areas impacted by its geochemical interaction with the backfill 

material, i.e. the formation of acid mine drainage. 

• Decant qualities are expected to be poor with Sulphate in the range of 2 500 mg/l and pH from 3.5 to 5.5. 

 

 

Sulphate (mg/l 
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These impacts are highly likely to occur, within site boundaries if decant is contained, but moderate to severe and beyond 

site boundaries if not mitigated. Treated and discharged into the environment (alternatively beyond site boundaries as 

the decant volumes are lost for the local water balance) and long-term beyond mine closure. Post closure monitoring of 

the pollution plume with the potential conversion of monitoring boreholes into a scavenger borehole for hydraulic plume 

containment (once ecological threshold values are exceeded) is therefore recommended. 

 

6.7. CONFIDENCE IN MODEL PREDICTIONS 

Preamble: “A decision often must address the fact that something bad may happen. We may be willing to pay a price to 

reduce the likelihood of its occurrence. How much we are prepared to pay depends on the cost of its occurrence and the 

amount by which its likelihood can be reduced through pre-emptive management. The role of modelling in this process 

is to assess likelihood. This must not be confused with predicting the future.” (Australian groundwater modelling 

guidelines, Barnett et al. 2012). Delta H shares this view, specifically for long-term predictions beyond the model 

calibration timeframe.  

6.7.1. Methodology 

In the absence of other internationally accepted standards, Delta H follows the Australian groundwater modelling 

guidelines (Barnett et al. 2012) to distinguish the confidence-levels (Class 1, Class 2 or Class 3 in order of increasing 

confidence) of a model. The factors used for the classification depends foremost on  

• the available data, including their spatial and temporal coverage to fully characterise the aquifer and the historic 

groundwater behaviour,  

• the calibration procedures, including types and quality of data used as calibration targets,  

• the consistency between the calibration and predictive analysis, e.g. a steady state calibration is bound to 

produce transient predictions of low confidence and a transient prediction is expected to have a high level of 

confidence if the time frame of the predictive model is of less or similar to that of the calibration model (e.g. a 

25-year transient calibration period would be required for a high confidence prediction over 25 years), and 

• the level of stresses applied in the predictive model in relation to the stresses included in the calibration (e.g. if 

a model was calibrated without major abstractions, simulations of significant abstractions or mine inflows will 

be of low confidence). 

 

While a model may fall into different classes for the various criteria (data, calibration and prediction), it should be 

classified as Class 1 if any of the criteria fall into a Class 1 classification irrespective of all other ratings. A class 1 or low 

confidence model is often used for an initial assessment of a project if insufficient data are available to support a full 

conceptualisation of the aquifer(s) and subsequently improved to higher confidence classes as additional data from e.g. 

an associated monitoring programme become available. 

6.7.2. Classification 

In accordance with the guideline, Delta H provides a classification for each of these criteria as well as an overall model 

classification that reflects their importance with regard to the model objectives (Table 6-6). 
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Table 6-6: Criteria specific and overall model confidence level classification. 

Criteria 
Confidence 

level 
classification 

Key indicators 

Data 1 

Observations and measurements unavailable or sparsely distributed in areas of greatest 
interest 
No independent estimation of backfill seepage rates during LoM and post-closure 
Little or no useful data on river flows and stage elevations 

Calibration 2 

Calibration statistics are very reasonable  

No transient calibration performed due to data scarcity 

No calibration against mine inflows (obvious for green field operation) 

Prediction 1 Transient predictions are made when calibration is in steady state only. 

Overall 1 Two criteria fall into a Class 1, model to be updated once more data become available 

 

While the model must formally be classified as a class 1, a ‘low’ model confidence does not mean that the model is not 

fit for purpose. A class 1 model is for example sufficient for (Barnett et al. 2012): 

• Predicting long-term impacts of proposed developments in low-value aquifers.  

• Understanding groundwater flow processes under various hypothetical conditions. 

• Provide first-pass estimates of extraction volumes and rates required for mine dewatering.  

6.7.3. Recommendations to improve Model Confidence 

In order to increase the formal classification of the model confidence from Class 1 to Class 2, the following steps should 

be undertaken (in decreasing priority): 

1. Drilling of additional monitoring boreholes within predicted zone of dewatering. 

2. Re-calibration of groundwater flow model against observed mine inflows once new mining areas become 

operational. Measure Inflow pit/sump measurements and also rebounding water levels of the backfilled area. 

o These backfill monitoring boreholes could be drilled/implemented as mine the mine schedule progress. 

3. Reassessment of the post-closure water levels once a post closure elevation model becomes available. 

4. Independent estimation of seepage rates for backfilled areas. 

5. Once more data of water levels and concentrations of constituents of concern (downstream of pollution sources) 

become available, a transient re-calibration of the model should be done and the model predictions reviewed. 

6. Drilling of monitoring boreholes at selected locations in the backfilled areas (obviously only once these areas are 

backfilled). 
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7. GEOHYDROLOGICAL IMPACTS 

7.1. METHODOLOGY 

Regulation 3 h(vi) of Appendix 2 of R.9831 (2014), under the NEMA2 (1998) requires an assessment of the nature (status), 

consequences (magnitude), extent, duration, probability and significance of the identified potential environmental 

impacts of the proposed mining operation.  In order to comply with best practice principles, the evaluation of impacts 

will be conducted in terms of the criteria presented in Table 7.1. 

 

Table 7.1: Impact assessment criteria. 

Nature / Status 

Positive + Impact will be beneficial to the environment (a benefit). 

Negative  - Impact will not be beneficial to the environment (a cost). 

Neutral 0 Where a negative impact is offset by a positive impact, or mitigation measures, to have no overall effect. 

Consequence / Magnitude (M) 

Minor 2 
Negligible effects on biophysical or social functions / processes.  Includes areas / environmental aspects 
which have already been altered significantly, and have little to no conservation importance (negligible 
sensitivity*). 

Low 4 
Minimal effects on biophysical or social functions / processes.  Includes areas / environmental aspects 
which have been largely modified, and / or have a low conservation importance (low sensitivity*). 

Moderate 6 
Notable effects on biophysical or social functions / processes.  Includes areas / environmental aspects 
which have already been moderately modified, and have a medium conservation importance (medium 
sensitivity*). 

High 8 
Considerable effects on biophysical or social functions / processes.  Includes areas / environmental aspects 
which have been slightly modified and have a high conservation importance (high sensitivity*). 

Very high 10 
Severe effects on biophysical or social functions / processes.  Includes areas / environmental aspects which 
have not previously been impacted upon and are pristine, thus of very high conservation importance (very 
high sensitivity*). 

Extent / spatial scale (S) 

Site only 1 Effect limited to the site and its immediate surroundings. 

Local 2 Effect limited to within 3-5 km of the site. 

Regional 3 Activity will have an impact on a regional scale. 

National 4 Activity will have an impact on a national scale. 

International 5 Activity will have an impact on an international scale. 

Duration (D) 

Immediate 1 Effect occurs periodically throughout the life of the activity. 

Short term  2 Effect lasts for a period 0 to 5 years. 

Medium term  3 Effect continues for a period between 5 and 15 years. 

Long term 4 
Effect will cease after the operational life of the activity either because of natural process or by human 
intervention. 

Permanent 5 
Where mitigation either by natural process or by human intervention will not occur in such a way or in such 
a time span that the impact can be considered transient. 

Probability of occurrence (P) 

Improbable 1 Less than 30% chance of occurrence. 

Low 2 Between 30 and 50% chance of occurrence. 

Medium 3 Between 50 and 70% chance of occurrence. 

High 4 Greater than 70% chance of occurrence. 

Definite 5 Will occur, or where applicable has occurred, regardless or in spite of any mitigation measures. 

 

 

 

 

                                                                 
1 R 982 (2014): National Environmental Management Act (Act107 of 1998), Environmental Impact Assessment Regulations, dated 14 

December 2014. 
2 NEMA (1998): National Environmental Management Act (Act107 of 1998) 



 
  
 

Stuart Coal South Colliery Groundwater Study 50 

Once the impact criteria are ranked for each impact, the significance of the impacts will be calculated using the 

following formula: 

Significance = (Magnitude + Duration + Extent) x Probability 

 

As is evident from the above equation, the extent (spatial scale), magnitude, duration (time scale), and the probability of 

occurrence of each identified impact will be assigned a value according to the impact assessment criteria (presented in 

Table 7.1,  above), and used to calculate the significance of each impact. 

 

A Significance Rating will be calculated by multiplying the Severity Rating with the Probability, and is therefore a product 

of the probability and the severity of the impact.  The maximum value that could be reached through the described 

impact evaluation process is 100 Significance Points (SP).  The scenarios for each environmental impact were rated as 

High (SP≥60), Moderate (SP 31-60), and Low (SP<30) significance as shown in Table 7.2. 

 

Table 7.2: Definition of significance rating (SP). 

Significance of predicted NEGATIVE impacts 

Low 0-30 
Where the impact will have a relatively small effect on the environment and will require minimum or no 
mitigation. 

Medium 31-60 Where the impact can have an influence on the environment and should be mitigated. 

High 61-100 Where the impact will definitely influence the environment and must be mitigated, where possible. 

Significance of predicted POSITIVE impacts 

Low 0-30 Where the impact will have a relatively small positive effect on the environment. 

Medium 31-60 
Where the positive impact will counteract an existing negative impact and result in an overall neutral 
effect on the environment. 

High 61-100 Where the positive impact will improve the environment relative to baseline conditions. 

 

Once the significance rating of an impact before mitigation is determined, the reversibility of the impact, ‘replaceability’ 

of the affected resources and the potential of the impact to be further mitigated will also be determined.  These factors 

will be included in the impact assessment table below, and will play an important role in the determination of the level 

and type of mitigation performed or to be implemented.  Table 7.3below provides the criteria to be used to assess the 

reversibility, loss of resources and potential for further mitigation. 

 

Table 7.3: Mitigation prediction criteria 

Reversibility of impact (R) 

Reversible 1 The impact on natural, cultural and / or social structures, functions and processes is totally reversible. 

Partially 2 
The impact on natural, cultural and / or social structures, functions and processes is partially 
reversible.1 

Irreversible 3 
Where natural, cultural and / or social structures, functions or processes are altered to the extent 
that it will permanently cease, i.e. impact is irreversible. 

Irreplaceable loss of resources (I) 

Replaceable 1 The impact will not result in the irreplaceable loss of resources. 

Partially 2 The Impact will result in a partially irreplaceable loss of resources. 

Irreplaceable 3 The impact will result in the irreplaceable loss of resources. 

Potential of impacts to be mitigated (MP) 

High 1 
High potential to mitigate negative impacts to the level of insignificant effects, or to improve 
management to enhance positive impacts. 

Medium 2 
Potential to mitigate negative impacts.  However, the implementation of mitigation measures may 
still not prevent some negative effects. 

Low  3 Little or no mechanism exists to mitigate negative impacts. 

 

The impacts expected to occur as result of the activities that are anticipated to take place at the Stuart South Colliery 

may combine with those resulting from surrounding activities and land uses to form cumulative impacts, or to contribute 

to cumulative impacts that already exist. 
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7.2. ENVIRONMENTAL ASPECTS 

Impacts on the local and regional ambient groundwater environment may consist of changes in the groundwater quantity 

(i.e. groundwater levels), changes in the ambient groundwater quality, or both. Altered groundwater conditions will most 

likely impact on other aspects of the environment such as river baseflow, in-stream water quality or vegetation types (for 

e.g. groundwater dependent wetlands).  

 

Although the impact of surface clearing for a pit is significant, no groundwater impacts during the construction phase are 

expected and where not assessed. Further, contaminant prevention measures will most likely be implemented during 

the construction and operational phases (i.e. lining of PCDs). It is considered that the most significant groundwater 

impacts could arise from the following activities / infrastructure: 

• Operational  

o Open pit mining of pits / Impacts associated with mine inflows (quantity) 

o Degrading water quality due to water intersection in the pit and general dirty water run-off from mining 

areas 

• Closure/Post-closure 

o Rehabilitation of pits (with rebounding water levels) (quantity and flow) 

o Groundwater impacted by its geochemical interaction with the backfill material (quantity and quality) 

7.2.1. Operational phase 

The degree of aquifer dewatering depends on the extent and depth of the opencast pits. As mining progresses with 

concurrent backfilling, groundwater levels are expected to start to rebound partially in the backfilled areas. Assuming re-

use or other environmentally acceptable disposal practices of the groundwater entering the mine voids, it is expected 

that the mine inflows are a “sink of groundwater” during life of mine and do therefore not change the groundwater 

quality. All contaminated surface water runoff from haul road areas will be collected in the dirty water management 

system, infiltration of contaminated water will be minimized. The PCDs are lined facilities and no significant impacts on 

the groundwater regime is expected from these facilities. 

 

The potential groundwater impacts identified during the operational project phase and rated according to the 

environmental significance is summarised in Table 7-4. 

7.2.2. Closure phase 

Decommissioning and closure of the open pit will lead to gradual recovery of groundwater levels. This will lead to the re-

establishment of groundwater levels, flow directions and flow gradients to near pre-mining levels. The duration before a 

new dynamic equilibrium is established depends on the recharge rate, the total volume of the backfilled areas to be 

flooded as well as lateral groundwater inflows. Beyond the surface decant of groundwater impacted by its geochemical 

interaction with the backfill material, i.e. the formation of acid mine drainage, the impacted groundwater will also 

dissipate in the surrounding undisturbed aquifer, i.e. form a groundwater pollution plume. The potential groundwater 

impacts identified during the closure project phase and rated according to the environmental significance is summarised 

in Table 7-5. 
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Table 7-4: Risk assessment for the operation phase impacts. 

POTENTIAL 
ENVIRONMENTAL 

IMPACT 
ACTIVITY 

ENVIRONMENTAL SIGNIFICANCE 
BEFORE MITIGATION 

RECOMMENDED MITIGATION MEASURES/ 
REMARKS 

ENVIRONMENTAL SIGNIFICANCE  
AFTER MITIGATION 

M D S P TOTAL SP  M D S I R P TOTAL MP SP 

Groundwater Quality 

Contaminated 
surface water runoff 
from haul road areas 
and poor water 
quality water 
entering the pit 

4 4 1 4 36 Medium 

Contaminated surface water runoff will be collected in 
the dirty water management system, infiltration of 
contaminated water will be minimized. Water 
accumulating in the in-pit sump areas will be pumped 
to the pollution control dam/s to limit the quality 
related impacts 

4 1 1 R   R 3 18 High Low 

Groundwater 
Quantity/Flow 

Inflows into the pits 
and the likely extent 
of the cone of 
dewatering have 
been established 
using a numerical 
groundwater flow 
model.  

6 4 2 4 48 Medium 

The dewatering of the aquifer system cannot be 
prevented. If the monitoring program indicates that 
nearby groundwater users are affected by the 
dewatering, the users need to be compensated for the 
loss. No large-scale irrigation occurs in the vicinity of 
the proposed Stuart South Block pits 

6 4 2 P  P 4 48 Medium Medium 

 

 

Table 7-5: Risk assessment for the closure phase impacts. 

POTENTIAL 
ENVIRONMENTAL 

IMPACT 
ACTIVITY 

ENVIRONMENTAL SIGNIFICANCE 
BEFORE MITIGATION 

RECOMMENDED MITIGATION MEASURES/ 
REMARKS 

ENVIRONMENTAL SIGNIFICANCE  
AFTER MITIGATION 

M D S P TOTAL SP  M D S I R P TOTAL MP SP 

Groundwater 
Quality 

Groundwater 
pollution plume 
emanating from 
backfilled pits (acid 
mine drainage) 

6 5 3 4 56 Medium 

The mined-out sections of the pit must be backfilled, 
compacted and rehabilitated as soon as possible. 
Soft overburden and weathered rock must be placed 
at the top of the backfill (as far as practical possible) 
in order to minimize oxygen diffusion into the pit. 
Rehabilitation must include covering with a topsoil 
layer as well as vegetation thereof 

6 4 2 P  P  3 36 Medium Medium 

Groundwater 
Quantity/Flow 

Gradual recovery of 
groundwater levels 
potential surface 
decant 

6 5 3 3 42 Medium 

Groundwater water levels must be monitored 
monthly at several locations within the pit. 
Installation of a soil cover will significantly decrease 
water infiltration resulting in a reduction in decant 
from the pit 

6 4 2 P  P  4 48 Medium Medium 
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8. GROUNDWATER MONITORING 

Figure 8-1 gives an overview of proposed monitoring boreholes for the Stuart South Colliery. 

 

Based on the objective, the monitoring boreholes are split into two groups: 

1. Pit dewatering and plume monitoring boreholes to assess qualitative and quantitative impacts on the aquifer 

associated with the mine development. 

2. Backfill monitoring boreholes to assess rate of water table rebound and risk of decant. These boreholes can 

obviously only be installed once the respective areas are backfilled.  

 

It must be emphasised that the locations of the new monitoring boreholes are only approximate locations based on 

predicted flow directions and plume extents. The exact locations for each borehole need to be determined using 

geophysical methods to detect potential preferential flow paths and considering other infrastructure constraints. Also, 

the implementation of the boreholes should be based on the mining schedule. A preliminary implementation plan for 

new borehole drilling is provided in Table 8-1.The following existing Stuart Coal Colliery monitoring boreholes should be 

maintained (as long as possible): 

• SB-07, SB 09, SB 01, SB 05, SB 06, SB 04 and SB 10. 

 

Table 8-1: Simulated decant rates post-closure. 

Pit Area Borehole ID Implementation (year) 

Delta DBH1d (receptor) 2021 

DBH2 (backfill) 2025 

DBH3 (backfill) 2032 

 DBH4 (receptor)  

Alpha  ABH1 (backfill) 2040 

Echo1  EBH1 2054 

Beta  BBH1 2073 

 BBH1 (receptor) 2063 

 BBH2d (decant) 2065 

Echo2  E2BH1d (backfill/decant) 2090 

Charlie1  CDBH1 (backfill/decant) 2097 

Charlie2  CD2BH2 (backfill/decant) 2102 
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Figure 8-1: Proposed monitoring boreholes for the Stuart Coal South Colliery. 
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9. GROUNDWATER MANAGEMENT (RECOMMENDATIONS) 

9.1.1. Predicted Impacts from facility (mining) 

The environmental impacts associated with the mine is discussed in section 6.6.  

9.1.2. Mitigation measures 

Selected management and mitigation measures are summarised below: 

• During the operational phase mine water must be used or pumped to dirty water dams or pollution control 

facilities in order to avoid deterioration of the mine water quality. The longer the mine water resides in the pit 

the poorer the quality will be. 

• Soft overburden and weathered rock must be placed at the top of the backfill (as far as practical possible) in 

order to minimize oxygen diffusion into the pit. 

• The mined-out sections of the pit must be backfilled, compacted and rehabilitated as soon as possible. 

o Rehabilitation must include covering with a topsoil layer as well as vegetation thereof. Installation of a 

soil cover will significantly decrease water infiltration and contamination of water resulting in a 

reduction in decant from the pit. 

• Mine water must be monitored monthly at several locations within the pit. 

• It recommended that the geochemical model is updated during the life of the mine in order to calibrate and 

validate its results and to construct an effective closure plan. 

• Potential treatment of opencast decant water must be investigated in more detail and costed to assess liabilities. 
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11. APPENDICES 

APPENDIX A – PUMP TEST INTERPRETATION 
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